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Abstract
HowtheuncertaintyrelationinthetransientresonanceRamanscatteringplays三mportantroles
inthecorrelationbetweenabsorptionandemissionisdemonstrated,bytakinganexamp!eofalocal三zed
electron.phononsystemwithalocal'orpseudo.localphononmodeintermediatelycoupledtotheelectron.
WcconsideronlythcFrank-Condonlikeexcitationbyanextremelyshortpulsecomparedwiththe
relaxati・ntime・ftheSyStem.
APreliminaries
Letusconsideroneimpuritycenteri!11arge
crystallatticewhoseelectr・nicgroundandexc輌ted
statesareエepresentedby出ehamiltoniansUqand
Herespectively.・Haisthelatticcencrgy.Thcex'
CitatiOnenergyγ ≡ ∫1,-HO三SCOmpOSedOfthe
F・ank-C・nd…e・ ・…t・ti・ne・c・gY<V>≡7膓(ρ ・V)a・d
theelectron-phononinteractionδV;
v≡1'le-Ha三 ≡<Vl>十 〇"v,(1)
whereA≡exp(-1-lglL'BT)∫ 聾 こeXP(一 ■lgik'BT);.
Thetwoelectronicstateslg>andie>aresupposed
tobeconnectedonlythroughtheradiativeinterac-
tio皿 πq.InR.R.S,,wecanassumethattheelec-
tr・nicmatricesM≡ 〈glπ 、le>and叱 ≡ 〈glf721e>
areindεpendentof出e寸ib■ationalcoordlnates(Con.
donapProximation).Further,theradiativedamping
eperator∬■ゆmaybeputtobeaconstantγ.In
tl・ecasewherethevect・rpotentia1・f出clncident
pulseisgivenby
A(r)')・ ・A、elφkt(t-k、・r/ω!)e-i(ω・t-kt・)
andthewayofobservationisspecifiedbythemean
frequencyω2'ofemittedphotonsan{lthecoherence
time4tcofaspectrometer,thotime・resolvedemis-
si・nspectrumcanbewrittenintheforml)
・(ω1・色 ㊨ 』 罐*1二∫竃 ∫乏
。1、、1
(1
∫蜜 ∫竃蕊:!γ(　 -s)
・グ`ω1σ+itO2μφki(・+・∫2)φk
、*(s-・1、)
〈即 ・'(τ')si>,(2)
where
τ,=t十nt-s十(σ 一 μ)/2,(3)
x`ε'(・)=・iH・τ)岳一辺 ・τ,(4)
and
鵬 一 繊 ・一'σHg-exp・[・∫『・,γ・ε・(・)]・(・)
ぴ 一 ∫μ砺 ・一'μHe-exp-[一'∫ζ ・γ・e}(μ1)ユ
(6)
AfterToyozawa2⊃,wealsodcf輌netheinstan-
taneOUSflUCtUatiOnby
δlie(t)111V(e)(り一 〈V(e)(t)〉(7)
andexpandthe▲ogaritbmofthecorrelator<鼻`e》
(τt)8;>inapowerseriesofit.Withinthesecond
cummu・ant,thisisgivenby・ 〕
ln<s・`e'(・')sg>一・∫『・・Vl・(σ1)一・∫dPt・Vl・・(・)・
+・ ・)一∫酔 ・〈 δVe(σ1)・%(・・)〉
† 間 数1<・Ve(T)+Fi)・Ve(σ1)≧ .1,
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一∫繊1〈 ・Ve(・'+・1)・Ve(・'+・・)〉・(8)
O.L.fromtherelaxedexcitedsta量emaybedescribed
byEq.(8)moresatisfactorilythanbytheahcrnative
・pP・・ximati・n・fp・i・c・ ・rel・ti…inreg・ ・dt・ δV
(り,exceptf・ ・th・1i・ ・a・ 三ntcra・tbn(lnthisca…
theyagreetoeachothertogiveanexactexpression・)・
Inthispaper,however,wesupposethattheanhar,
m・ni・輌・y・f
..中e・ib・a・ig・a・d・e}・tiveva・i・ti・n・f
theelastiCC。n、tant・・fthelatti・eintheelectr・nic
transitionsaτesufficientlysmalLThen,wemayput
〈 δ1～ど(x)δVe(y)〉 竺ご〈 δ「レ「δvてツ ー 《τ)〉
一 ∫:・ωω・ (ω){"(ω)+・}…`ザ・}'(・)
and
〈v〔ε、(x)〉・・〈v>・ ・1脅〈[・v・・v(・,)]〉・-
,'(10)
wh。,e・ ・(ω)≡[・xp(ω ノゐ・ア)一1]-1andg(ω)i・the・ ・
cal}ed・interactionspebtrum',givenby.
・(・)〒一・(一ω)≡(・・)-1z・ri・{(。一。S);-T、・一
∴ 函
+。51+r、・}・(1・)
whereiden。tesvibrationalnormal(crystalσ ≠0)
aswellaslocalσ=0))modeswiththefrequency
碗,therecipl・callifetime凸andtheshift・fequi'
libriUmp・Siti・n・fn・rma1C…din・teeＬi・
Asiswdlknown,theinteractionofthesystem
canbecharacterizedbyg(ω)oritstransformsG±
(μ)andG(=　 interactionstrength");
lG・(・)≡1酬 ∋ ・・p(鋤・)(12)
?"d'
G≡G・く・)+G-(・)-j?・・(・){・〃(・)・}・(13)
A・ 』・・di・gas出eelec・ … 二ph…np .・up晦i・W・qk
(G<1)・rstr・ng(G>1),theinte・medlat・ ・tat・
afterexcitationismoduratedrapldlyoτslowly.In
thisI∫aper,..wbinvestigateoniythecaseofinterme・
diatecoupling,i.e.hereafterweassumethat
G～1. .,..,..・...、.(14)
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obtainanextremelyshortpulsewithits、vidth
4-1～10-'3secwhichi・much・mallerthanthemean
P・・i・d・f・ib・at輌・n2・tth-iO'!i～10-`2s・c・Theref・・e,
itwouldbe皿eaningfultosupPosesuchawayof
eXCItatlonas
φ・、ω 廊1*㊧==-2i・x・ 日 ・・(t・2+t・2)1・]
一 念 一・xp[一・d・2s・-d・2σ2/・](15)
withthecondition
∂[≡th・mean・nergy・fph・n・n]
<d1<<V>.(16)
Then・Eq・(6)・nd(10)・a・beexpCnd頭napowe「
seriesofeands.Neglecting中etermsgfthcorder
(th/Al)nG<1,22=1,2,・ ・・…,undertheconditions
(14)and(16),weget .
1・〈s,le,(・')ぷ;〉=i・〈 γ〉
一 ∫
.霧1〈四(・+バ ・)〉
一∫膨 階 〈fiVδY(μ、)〉(・7)
S。b。tit。ti。gEq9(IS)a1・d(17)i・t・(2)亘・dP・'・-
f・rmingtheint・9・als・ve・・and・ ・nderthc・b・
servationconditlon'
t-dt・>d、一・,"q8)
wehave・
・(k1,炎2;t,∠ltc)=文芸 －IM・ハ・…12e却
卜 鍋 毒'-Sv-〔<γ>2ti22)コ 民(…t…c)
.(19)
wlth・
蜘 〃・)≡詰 万1馳1請 …r[i・(・
・ 一 〈 γ〉,)-G+α(μ)+G -(μ)'
一・・∫菟{〃(・)エ・}・(・)・…('+〃 ・)…(・・ノ・)]・
(20)
hereEq.(17)wasrewrittenbytheuseof(9),(10)
and(13).<V>¢istheenergyo∫therelaxedexC三ted
state;・ ….….'
<v>　 <v>二 ∫邑1・・(・>1'(21)
　きヨ
ItisfouhdthatabSorptio血andemissioncorrelatc
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onlythroughthelastterminexp[… …]in(20).
CC.A.E.viaalocalorPgeudo・10calrnode
Inthecaseofintermediatecoupling・the .most
meaningfulwayofQbservation三nor(lertostu(]y
由edynamicalaspectofvibrationalrelaxationwould
be
2πω。-1<At,〈t<r。-1〈rl(22)
whereω 。andP。arcthefrepuency・fal・cal・r
pseudo40calmodeanditsrec三Ploca11ifetimeres-
pectively.Then,fromEq.(11),theC.EAfactor
intheintegrand・f(20)canbewrittenas
・・p[一轍 ・(・)+・}・(・)…ω輌)… 一幻
=expL・igosin-fll;pt-…ω・(・+'〃)『
二 三 曲 ・。・(-49e…警 一'.うe'Wo(ta"n'n
(23)
wherego≡ ω。A。2/2～1andJl。i(2)isthel〃1-th・rder
Besselfuction;
・・nl(・)一語Pil誓 密 旨旦"1(・ ・)
Theア ～≠OtermsofEq,(23)sinusoldalSyoscillate
wi出highfrequency・f2t(D。>2π/dtcasthemean
・m三ssi・nt三met+〃 ・1ap・e・fr・mt-Atet・t,・othat
theyareaveragedtobenegligiblebypcrforming
theintegralonm.Thus,substitutingEq。(23)into
(20),weobtain
凡(ω2;t,Atc)=(2π)強
,,(・
一閲 ゐ←・挽…警 イリ
・exp[iμ(ω、一<V>・)-G+G.(μ)+G .(μ)],
(25)
Forr,t>1,Eq.(25)approachestoO.L.spectrum,
i・θ.the三ntrinsicemissi・nspectrumf・!ded三nt・the
``U.P.broadeningfuction";
FOL(…4t・)-li㌧u(ξ)Fc(・・+ξ)(・ ・)
with
σ(ξ)==(・・)一・∫驚 ・-1・・θ(d・-1・1)(・ve)
-2si跳 ξ12)(・ ・)
and
Fe(・)≡(・・)一・∫驚 ・・p['・(・・一<v>の
－G十G+(μ)十G _(μ)コ.(28)
Ingenera1,bytheuseofafrequencydisplacement
・p・・at・reite・∂ノ∂ω・,th・time-res・lved・mlssi・n・pect・um
(25)canbeexpressedas
Fe(ω2;ち ∠t・)
-」・(・9・・イ ・t…(讐
、:、))・FOL(…n・・)
≡ ξ
。(あ・[9・・-1'・t{・xp(三〇☆)
一・・p(fωo∂
2∂ ω2)}]2kFOL(…At・)・(29)
Thek-thtermdecaysexponentiaUywiththedecay
c藺stant2(kr。+γ),anditsemissi・nspectrumis
give。byΣ2'C(2k)(-1)nFOL(ω 、+・ ω。,ノ・,),lf・h・π.n=0
た〉1termsasawholearecalledasH.L.compone鵬
thenegativeH.L.spectrummustberegardedas
back.absorptionbythesystem.Itisimportantto
notethatFe(ω2;t,Atc)isindependenton∠tt・except
foraninsignificantfeaturethatthew三dthsofoptical
phononsidebandsinFoL(ω2,Ate)areoftheorder
・fぴ,)-1inst・ad・ftheintrin・ic・ ・der「 ・・H・wever.
4t,hasimplicitelyplayedaconstuct三vcroleviathe
eoherentaverageovertheemissiontimet十tll・
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